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(54) Liquid crystal display device 

(57) A liquid crystal display device composed of: 
first substrate and second substrate (41,40); a liquid 
crystal layer (42) provided between the first and second 
substrates; a plurality of pixel regions (59) provided on 
the surface opposing the second substrate of the first 
substrate, each of which pixel regions has at least one 
pixel electrode (54) and a common electrode (53) for 
cooperatively applying an electric field in a direction 



along the surface of the first substrate; and a conductive 
light shielding matrix (71) provided on the surface op- 
posing the first substrate of the second substrate which 
light shielding matrix has openings (70) each corre- 
sponding to a display region of each of the pixel regions 
and shades non-display regions other than the pixel re- 
gions; in which the light shielding matrix and the com- 
mon electrode are set to substantially the same voltage. 
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Description 

The present invention relates to a liquid crystal dis- 
play device in which alignment of liquid crystal can be 
controlled by applying an electric field along the sub- 
strate face, and relates to a structure in which in addition 
to a wider angle of view, a higher aperture ratio can be 
achieved. 

Recent TN mode liquid crystal display devices have 
a problem of high dependency on the angle of view, 
since the visibility in the vertical direction is inferior in 
spite of excellent visibility in the lateral direction. The 
applicant ofthis application claimed liquidcrystal display 
devices having a structure by which the above problem 
can be solved in Japanese Patent Application Nos. 
7-1579, 7-306276, and the like. 

According to the techniques described in such Pat- 
ent Applications, instead of providing liquid crystal driv- 
ing electrodes tor each of the upper and lower sub-, 
strates sandwiching the liquid crystal layer, two types of 
linear electrodes 12 and 13 having different polarity from 
each other are provided only on the lower substrate 11 
at a distance from each other, as is shown in Fig. 10, 
and no electrode is formed on the upper substrate 10 
shown in the upper side of Fig. 10 so that liquid crystal 
molecules 36 are aligned in the direction of the trans- 
verse electric field (in the substrate-face direction) which 
is generated between the linear electrodes 12 and 13 
by applying a voltage. 

In more detail, as is shown in Fig. 9. the linear elec- 
trodes 12 are connected by a base line 14 to form a 
comb-shaped electrode 16, the linear electrodes 1 3 are 
connected by a base line 1 5 to form a comb-shaped 
electrode 17, the comb-shaped electrodes 16 and 17 
are engaged with each other such that the linear elec- 
trodes 12 and 13 are alternately positioned without be- 
ing in contact with each other, and a switching element 
19 and a power source 18 are connected to the base 
lines 14 and 15. 

As is shown in Fig. 11 A. an alignment film is formed 
on the liquid-crystal side of the upper substrate 10 to 
align the liquid crystal molecules 36 in the p direction, 
another alignment film is formed on the liquid-crystal 
side of the lower substrate 11 to align the liquid crystal 
molecules 36 in the 7 direction parallel to the p direction, 
and a polarizing plate polarizing light in the p direction 
shown in Fig. 11 A and a polarizing plate polarizing light 
in the a direction are provided for the substrates 10 and 
1 1 , respectively. 

According to the above structure, the liquid crystal 
molecules 36 are homogeneously aligned in the same 
direction when no voltage is applied between the linear 
electrodes 1 2 and 1 3, as is shown in Figs. 1 1 A and 1 1 B. 
In this state, a light beam transmitted through the lower 
substrate 11 is polarized in the a direction by the polar- 
izing plate, passes through a layer of the liquid crystal 
molecules 36, and then reaches the polarizing plate o\ 
the upper substrate 10. which polarizing plate has a po- 



2 

larization direction p different from the direction a. 

The light beam is thereby shaded by the polarizing 
plate of the upper substrate 10 and is unable to pass 
through the liquid crystal display device, thereby render- 
5 ing the liquid crystal display device in a dark state. 

When a voltage is applied between the linear elec- 
trodes 12 and 13, among the liquid crystal molecules 
36, those adjacent to the lower substrate 11 are aligned 
perpendicular to the longitudinal direction of the linear 
10 electrodes 12 and 1 3. The nearer a liquid crystal mole- 
cule is located to the lower substrate 11, the more 
strongly this phenomenon is observed. In other words, 
lines of electric force perpendicular to the longitudinal 
direction of the linear electrodes 12 and 13 are gener- 
is ated by the transverse electric field (an electric field in 
the substrate-face direction) produced by the linear 
electrodes 12 and 13. Thus, the major axes of the liquid 
crystal molecules 36 aligned in the y direction by the 
alignment film fomned on the lower substrate 11 are al- 
20 tered to the a direction, i. e., perpendicular to the 7 di- 
rection, by the force of the electric field which is stronger 
than that of the alignment film, as is shown in Fig. 12A. 

Therefore, twisted alignment is achieved in the liq- 
uid crystal molecules 36 by applying a voltage between 
2S the linear electrodes 1 2 and 1 3, as is shown in Figs. 1 2A 
and 12B. In this state, the polarization direction of the 
polarized light beams, whteh have been transmitted 
through the lower substrate 11 and polarized in the a 
direction, is converted by the twisted liquid crystal mol- 
30 ecules 36 so that the polarized light beams are allowed 
to pass through the upper substrate 10 having a polar- 
izing plate whose polarization direction P is different 
from the a directran. 

The liquid crystal display device thereby exhibits a 
3S bright state. 

Figs. 13 and 14 are an enlarged fragmentary view 
of the structure of an actual active-matrix liquid crystal 
driving circuit to which a liquid crystal display device 
equipped with the linear electrodes 12 and 13 is applied. 
40 The structu re shown in Figs. 1 3 and 1 4 corresponds 
to only one pixel. On a transparent substrate 20 such as 
a glass substrate, a gate electrode 21 and linear com- 
mon electrodes 22 both made of a conductive layer are 
separately provided parallel to each other. A gate insu- 
45 lating film 24 is fonnned to cover these electrodes. A thin- 
film transistor T is formed such that a source electrode 
27 and a drain electrode 28 are formed on a portion of 
the gate insulating film 24 corresponding to the gate 
electrode 21, and a semiconductor film 26 is provided 
so on a portion of the gate insulating film 24 between the 
source electrode 27 and the drain electrode 28. A linear 
pixel electrode 29 made of a conductive layer is formed 
on a portion of the gate insulating film 24 between the 
common electrodes 22. 
ss Fig. 1 3 is a plan view of these electrode. Gate lines 
30 and signal lines 31 are formed on the transparent 
substrate 20 according to a matrix pattern. The gate 
electrode 21 which is a part of the gate line 30 is provid- 
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ed at a corner of each pixel region formed by the gate 
lines 30 and the signal lines 31 . Via a capacitor electrode 
33. the drain electrode 28 above the gate electrode 21 
is connected to the pixel electrode 29 which is provided 
between the common electrodes 22 in parallel with the 
signal line 31 and the common electrodes 22. 

The ends, near the gate line 30, of the common 
electrodes 22 are connected by a connecting line 34. 
provided in the pixel region in parallel with the gate line 
30, and the other ends of the common electrodes 22 are 
connected by a common line 35, provided in the pixel 
region in parallel with the gate line 30. The common line 
35 is provided over numerous pixel regions in parallel 
with the gate line 30 so as to apply a common voltage 
to the common electroues 22 provided for each pixel re- 
gion. 

As is shown in Fig. 14, on the surface, opposing the 
substrate 20, of the substrate 37, a light shielding matrix 
38 is formed with an opening 38a corresponding to a 
pixel region . and a color filter 39 is also provided to cover 
the opening 38a. 

In the above structure shown in Figs. 13 and 14. 
lines of electric force generated by a transverse electric 
field can be obtained along the directions of the arrows 
a shown in Fig. 14. Thus, the liquid crystal molecules 36 
are aligned by the transverse electric field in a manner 
shown in Fig. 14. The dark and bright states are thereby 
switchable by controlling the alignment of the liquid crys- 
tal molecules 36 similarly to the above description made 
with reference to Figs. 11 and 12. 

However, according to liquid crystal display devices 
having the above structure, the aperture ratio is disad- 
vantageously reduced in spite of a wide angle of view. 
In other words, although the liquid crystal molecules 36 
are aligned by the transverse electric field generated be- 
tween the pixel electrode 29 and the common elec- 
trodes 22 in the structure shown in Figs. 13 and 14, in 
regions above the common electrodes 22, the direction 
of the electric field applied to the liquid crystal molecules 
36 differs from that of the transverse electric field, and 
thus the alignment direction of the liquid crystal mole- 
cules 36 in the regions above the common electrodes 
22 is different from that in the region between the pixel 
electrode 29 and the common electrodes 22, as is 
shown in Fig. 10. 

Therefore, as is shown in Fig. 14, the light shielding 
matrix 38 is conventionally employed for shading the re- 
gions above the common electrodes 22, which regions 
may cause problems such as light leakage. Further- 
more, the periphery of the opening 38a of the light 
shielding matrix 38 is positioned slightly inside the inner 
end 22a of each common electrode 22, thereby increas- 
ing the region shaded by the light shielding matrix 38. 
Thus, the aperture ratio of the resulting liquid crystal dis- 
play device cannot be increased. 

In view of the above-mentioned problems, it is an 
object of the present Invention to provide a liquid crystal 
display device having a high aperture ratio while main- 



taining a wide angle of view, in which the liquid crystal 
is driven by a transverse electric field. 

To solve the above object, a liquid crystal display 
device of the present invention is composed of: a first 

5 substrate and a second substrate; a liquid crystal layer 
provided between the first and second substrates; a plu- 
rality of pixel regions provided on the surface opposing 
the second substrate of the first substrate, each of which 
pixel regions has at least one pixel electrode and a com- 

10 mon electrode cooperatively applying an electric field in 
a direction along the surface of the first substrate; and 
a conductive light shielding matrix provided on the sur- 
face opposing the first substrate of the second sub- 
strate, which light shielding matrix has openings, each 

IS opening corresponding to a display region of each of the 
pixel regions, and shades non-display regions other 
than the pixel regions; in which the light shielding matrix 
and the common electrode are set to substantially the 
same voltage. 

20 In addition, a liquid crystal display device of the 
present invention may be composed of: a first substrate 
and a second substrate; a liquid crystal layer provided 
between the first and second substrates; a plurality of 
pixel regions provided on the surface opposing the sec- 

26 ond substrate of the first substrate, each of which pixel 
regions has at least one pixel electrode and a common 
electrode cooperatively applying an electric field in a di- 
rection along the surface of the first substrate; and a 
conductive light shielding matrix provided on the surface 

30 opposing the first substrate of the second substrate, 
which light shielding matrix has openings, each opening 
corresponding to a display region of each of the pixel 
regions, and shades non-display regions other than the 
pixel regions; in which a conductive film at substantially 

35 the same voltage as the common electrode is formed at 
least above the light shielding matrix with an insulating 
film interposed therebetween, and the light shielding 
matrix and the common electrode are set to substantial- 
ly the same voltage. 

40 According to such structures, a transverse electric 
field can be applied to the liquid crystal layer by the com- 
mon electrode and the pixel electrode both provided on 
the substrate, thereby switching a dark state and a bright 
state. In addition, since the common electrode and the 

45 light shielding matrix or the conductive layer are set to 
substantially the same voltage, the lines of electric force 
of the transverse electric field applied to liquid crystal 
molecules near the common electrode can be uniform. 
Thus, alignment disorder of the liquid crystal molecules 

so In a region near the common electrode can be reduced, 
the liquid crystal molecules in that region can be used 
for displaying, and thus the region is not required to be 
shaded by the light shielding matrix. The light shielding 
matrix is thereby allowed to have larger openings as 

55 compared with those in the prior art, resulting in an im- 
proved aperture ratio. 

In the above liquid crystal display device, the volt- 
age difference is preferably set in a range of from-0.5 V 
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to +0.5 V, both inclusive. 

When the voltage difference between the connmon 
electrode and the light shielding matrix is outside the 
above range, the lines of electric force applied to the 
liquid crystal in the region corresponding to the common 5 
electrode are disturbed so that the alignment disorder 
of the liquid crystal molecules 36 is readily increased 
and causes problems such as light leakage. Thus, rt be- 
comes impossible to enlarge the opening of the light 
shielding matrix and to improve the aperture ratio. 

Furthermore, a liquid crystal display device of the 
present invention may have the following structure: the 
common electrode formed on the first substrate is ex- 
tended to a peripheral edge of the first substrate, the 
light shielding matrix or the conductive film formed on i5 
the second substrate is extended to a peripheral edge 
of the second substrate, and the common electrode and 
the light shielding matrix or the conductive film are elec- 
trically connected via a conductive member at the pe- 
ripheral edge of the first and second substrates. 20 

Moreover, a liquid crystal display device of the 
present invention may have the following structure: the 
liquid crystal layer is encapsulated between the first and 
second substrates by a sealing member, the common 
electrode formed on the first substrate is extended out- 2S 
side the sealing position of the sealing member on the 
first substrate, the light shielding matrix or the conduc- 
tive film formed on the secondsubstrate Is extended out- 
side the sealing position of the sealing member on the 
second substrate, and the common electrode and the 30 
light shielding matrix or the conductive fifm are electri- 
cally connected at a position outside the sealing mem- 
ber via a conductive member provided between the first 
and second substrates. 

According to the above structures, the common 3S 
electrode and the light shielding matrix or the conductive 
film can be readily connected electrically at substantially 
the same voltage, thereby achieving a liquid crystal cell 
having a wide angle of view and a high aperture ratia 

Embodiments of the invention will now be de- 40 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a fragmentary cross-sectional view show- 
ing a liquid crystal display device of the first embod- 45 
iment incorporated in the present invention; 
Fig. 2 is a plan view showing an arrangement of 
electrodes in the first embodiment; 
Fig. 3 is a perspective view showing a light shielding 
matrix and a substrate surface in the first embodi- so 
ment; 

Fig. 4 is a fragmentary cross-sectional view show- 
ing the structure of a connection portion at a periph- 
eral edge of the substrates in the first embodiment; 
Fig. 5 is a fragmentary cross-sectional view show- ss 
ing a liquid crystal display device of the second em- 
bodiment incorporated in the present invention; 
Fig. 6A shows the simulation results obtained from 



a liquid crystal display device of Example in which 
a light shielding matrix and common electrodes are 
connected and grounded, and Fig. 6B shows the 
simulation results obtained from a liquid crystal dis- 
play device of Comparative Example in which a light 
shielding matrix and common electrodes are not 
connected, the light shielding matrix is floating, and 
the common electrodes are grounded; 
Fig. 7 A Is a photograph showing the result of a light- 
leakage occurrence test using a liquid crystal dis- 
play device of Example in which a light shielding 
matrix and common electrodes are connected and 
grounded, and Fig. 7B is a photograph showing the 
result of a light-leakage occurrence test using a liq- 
uid crystal display device of Comparative Example 
in which the gate electrode voltage Vq is set to 15 
V, a light shielding matrix is floating, and common 
electrodes are grounded; 

Figs. 8A and 8B show the transmittance-driving 
voltage characteristics of the liquid crystal display 
devices of Example and Comparative Example, re- 
spectively; 

Fig. 9 is a plan view of a substrate, having linear 
electrodes thereon, of a liquid crystal display device 
of the prior art, in which device alignment of liquid 
crystal molecules is controlled by applying a trans- 
verse electric field; 

Fig. 10 shows alignment of liquid crystal molecules 
when a voltage is applied to the linear electrodes 
shown in Fig. 9; 

Fig. 1 1 A shows alignment of liquid crystal molecules 
in a dark state of a liquid crystal display device of 
the prior art, in which device alignment of the liquid 
crystal molecules is controlled by applying a trans- 
verse electric field, and Fig. 11 E is a side view of 
the alignment shown in Fig.11 A; 
Fig. 12A shows alignment of liquid crystal mole- 
cules in a bright state of a liquid crystal display de- 
vice of the prior art, in which device alignment of the 
liquid crystal molecules is controlled by applying a 
transverse electric field, and Fig. 1 28 is a side view 
of the alignment shown in Fig. 12A; 
Fig. 1 3 is a plan view showing linear electrodes in 
a liquid crystal display device of the prior art, in 
which device alignment of liquid crystal molecules 
is controlled by applying a transverse electric field; 
Fig. 14 shows the cross-sectional structure of the 
liquid crystal display device shown in Fig. 13; 
Fig. 15 shows the relationship between the reduc- 
tion in the transmittance and the voltage difference 
between the light shielding matrix and the common 
electrodes in a liquid crystal display device of Ex- 
ample, with the transmittance obtained by setting 
the light shielding matrix and the common elec- 
trodes to the same voltage being defined as 100% 
transmittance; 

Fig. 16 shows a structural example incorporated in 
the present invention; 
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Fig. 1 7 shows another structural example incorpo- 
rated in the present invention; and 
Fig. 18 shows still another structural example incor- 
porated in the present invention. 

The present invention will be better understood 
from the following description of the preferred embodi- 
ments taken in conjunction with the accompanying 
drawings. 

Figs. 1 to 4 show main sections of a liquid crystal 
display device of the first embodiment incorporated in 
the present invention. In Fig. 1, an upper substrate (sec- 
ond substrate) 40 and a lower substrate (first substrate) 
41 are positioned opposing each other with a predeter- 
mined space (cell gap) therebetween, a liquid crystal 
layer 42 Is formed between the substrates 40 and 41 , 
and polarizing plates 43 and 44 are provided on the out- 
er surface of the substrates 40 and 41 , respectively. 

These substrates 40 and 41 are made of a trans- 
parent material such as glass. For actually preparing the 
above structure, the periphery of the substrates 40 and 
41 is sealed by a sealing member, and a space formed 
by the substrates 40 and 41 and the sealing member is 
filled with a liquid crystal to form the liquid crystal layer 
42. A liquid crystal cell 45 is obtained by assembling the 
substrates 40 and 41 and the polarizing plates 43 and 
44. 

As is shown in Fig. 2, on the transparent substrate 
41. a plurality of gate lines 50 and signal lines 51 are 
formed according to a matrix pattern, and linear elec- 
trodes (common electrodes) 53 and another linear elec- 
trode (pixel electrode) 54 are provided in parallel with 
each other in each pixel region 59 formed by the gate 
lines 50 and the signal lines 51 . 

In more detail, on the substrate 41 , a plurality of gate 
lines 50 are formed in parallel with each other at prede- 
tennined intervals; common lines 56 are provided along 
the gate lines 50 on the same plane as that of the gate 
lines 50; in each region formed by the gate lines 50 and 
the signal lines 51 , two linear common electrodes 53 are 
extended from the common line 56 in a perpendicular 
direction to the common line 56; near an adjacent gate 
line 50, the ends of the two common electrodes 53 are 
connected by a connecting line 57; and each region 
formed by the gate lines 50 and the signal lines 51 Is 
used as the pixel region 59. 

Although, numerous pixel regions 59 required for a 
liquid crystal display device are provided in the liquid 
crystal cell 45 as a whole, Fig. 1 shows a fragmentary 
cross-sectional structure of one pixel region 59 and Fig. 
2 shows a plan structure corresponding to two adjacent 
pixel regions 59. 

Each of the thin-film transistors (switching ele- 
ments) T^ shown in Fig. 2 is formed as follows: an insu- 
lating layer 58 covering the above-mentioned lines is 
formed on the substrate 41 , as is shown in Fig. 1 ; the 
gate tines 50 and the signal lines 51 are formed on the 
insulating layer 58 such that each of the gate line 50 and 



the signal lines 51 perpendicularly cross each other to 
form a matrix pattern on the plan view; a portion of the 
gate line 50 near an intersection between the gate line 
50 and a signal line 51 is used as the gate electrode 60; 

s and a source electrode 62 and a drain electrode 63, be- 
tween which a semiconductor film 61 is formed, are pro- 
vided on a portion of the insulating layer 58 above the 
gate electrode 60. In the center of each pixel region 59, 
a linear pixel electrode 54 is provided in parallel with the 

10 common electrodes 53. A capacitance generating sec- 
tion 65 is formed by extending one end of the pixel elec- 
trode 54 on a portion of the insulating layer 58 above 
the common line 56 and another capacitance generat- 
ing section 66 is formed by extending the other end of 

IS the pixel electrode 54 on a portion of the insulating layer 

58 above the connecting line 57. The capacitance gen- 
erating sections 65 and 66 are provided for generating 
capacitance between the insulating layer 58 and the 
common line 56 or the connecting line 57 so as to cancel 

^ the parasitic capacitance at the time of driving the liquid 
crystal. 

The source electrode 62 is connected to the signal 
line 51, the drain electrode 63 is connected to the ca- 
pacitance generating section 66 formed on the portion 

25 of the insulating layer 58 above the connecting line 57, 
and they are covered with an alignment film 67, as is 
shown in Figs. 1 and 2. 

The electrodes 53 and 54 used for the above first 
embodiment may be formed as either a light-shading 

30 metallic electrode or a transparent electrode. However, 
in the case of employing the undermentioned normally 
black mode display, transparent electrodes made of ITO 
(indium tin oxide), etc. are preferable. 

On the lower surface of the substrate 40, a light 

3S shielding matrix 71 is formed with an opening 70 corre- 
sponding to the pixel region 59 formed on the substrate 
41 . and a color filter 72 is also provided to cover the 
opening 70. An alignment film 73 covering the light 
shielding matrix 71 and the color filter 72 is also formed. 

40 The light shielding matrix 71 is made of a light-shading 
metallic film composed of a Cr layer alone or composed 
of a CrO layer and a Cr layer, and is used for shading 
non-display porttons of each pixel region 59 such that it 
shades the common line 56, the connecting line 57, the 

45 signal line 51 , and the gate line 50 in each pixel region 

59 and it also shades a part of the common electrode 
53 in the width direction. In other words, as is shown by 
the dotted chain lines of Fig. 2, substantially the entire 
regk>n between the common electrodes 53 of each pixel 

so region 59 and almost the common electrodes 53 as a 
whole in the width direction are exposed by the opening 
70 of the light shielding matrix 71 . 

In the case of a color liquid crystal display device, 
color filters 72 (red, green, and blue) are provided for 
55 pixel regions 59, as Is shown in Fig. 1. However, the 
color filters 72 can be omitted in monochrome liquid 
crystal display devices. 

The periphery of the light shielding matrix 71 formed 
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on the substrate 40 is extended outside the sealing 
member 75 provided on the periphery of the substrate 
40 for sealing the liquid crystal, as is shown in Fig. 4. 
The common lines 56 formed on the substrate 41 are 
extended outside the sealing member 75 provided on 
the periphery of the substrate 41 for sealing the liquid 
crystal, as is shown in Figs. 3 and 4. As is shown in Fig. 
4, temninals 56a connecting to the common lines 56 are 
provided on the periphery of the substrate 41 and con- 
nected to the light shielding matrix 71 by a conductive 
member 76 such as an Ag paste provided between the 
substrates 40 and 41 so that the light shielding matrix 
71 and the common lines 56 (common electrodes 53) 
have the same voltage (ground voltage). Two terminals 
56a are employed in the first embodiment so as to en- 
sure the connection between one terminal and the light 
shielding matrix 71 via the conductive member 76 even 
when the connection between the other terminal 56a 
and the light shielding matrix 71 is damaged. 

In the first embodiment, the light shielding matrix 71 
and the common lines 56 (common electrodes 53) are 
connected to the same voltage, however, they may be 
substantially at the same voltage and are not required 
to be at completely the same voltage. 

"Substantially the same voltage" is defined as fol- 
lows: the voltage difference between the light shielding 
matrix 71 and the common electrodes 53 is in a range 
of from -0.5 V to +0.5 V, both inclusive. 

In the liquid crystal display device of the first em- 
bodiment, the alignment film 73 of the substrate 40 and 
the alignment film 67 of the substrate 41 are aligned in 
a direction substantially parallel to the longitudinal direc- 
tion of the common electrodes 53. The liquid crystal mol- 
ecules in the liquid crystal layer 42 interposed between 
the substrates 40 and 41 are thereby homogeneously 
aligned such that the major axis of the liquid crystal mol- 
ecules is in parallel with the longitudinal direction of the 
common electrodes 53 without an applied electric field. 

Furthermore, in the structure of the first embodi- 
ment, the polarization axis of the polarizing plate 43 is 
in a direction substantially parallel to the k)ngitudinal di- 
rection (the sheet-thickness direction of Fig. 1) of the 
common electrodes 53, and the polarization axis of the 
polarizing plate 44 is in a direction substantially perpen- 
dicular to the longitudinal direction (the lateral direction 
of Fig. 1). 

According to the above structure incorporated in the 
present invention, the dark state and the bright state can 
be switched by switching the application of a voltage be- 
tween the common electrodes 53 and pixel electrode 54 
that are in the desired pixel regions 59 using the thin- 
film transistor T^, i. e., a switching element. 

In other words, when a voltage is applied between 
the common electrodes 53 and pixel electrodes 54 that 
are in the desired pixel regions 59 by operating the thin- 
film transistor T^, an electric field is generated in the 
transverse direction of Fig. 1 and is applied to the liquid 
crystal layer. The liquid crystal molecules are thereby 



twisted between the substrates 40 and 41 , resulting in 
a bright state similarly to Fig. 12. 

With no applied voltage between the common elec- 
trodes 53 and pixel electrodes 54, the liquid crystal mol- 

5 ecules are homogeneously orientated in the same di- 
rection as the alignment direction of the alignment films 
67 and 73, resulting in a dark state similarly to Fig. 11 . 

The alignment of the liquid crystal molecules is con- 
trolled as mentioned above. Thus, the light beams, 

10 which emerge from a back light provided below the sub- 
strate 41 , are shaded or transmitted according to the 
alignment of the liquid crystal molecules. In this case, 
the display is in the so-called normally black mode such 
that the display is in the dark state without controlling 

IS the alignment of the liquid crystal molecules and is In 
the bright state when the alignment of the liquid crystal 
molecules is controlled. Since the liquid crystal mole- 
cules 36 are aligned homogeneously along the sub- 
strate-face direction or twisted by 90** between the sub- 

20 strates 40 and 41 , the resulting liquid crystal display de- 
vice has a wide angle of view and a small dependency 
of transmittance on the angle of view. 

According to the structure of the first embodiment, 
it is possible to set the light shielding matrix 71 and the 

25 common electrodes 53 at substantially the same volt- 
age. Thus, the disturbance of the lines of electric force 
in regions corresponding to the common electrodes 53 
can be reduced, and as a result, alignment disorder of 
the liquid crystal molecules can be decreased. In other 

30 words, in the structure shown in Fig. 14. since the light 
shielding matrix 38 is electrically floating, it may be af- 
fected by a surrounding electric field and have a variable 
voltage. Thus, the liquid crystal alignment in the regions 
corresponding to the common electrodes 22 may be dis- 
ss turbed by the voltage generated in the light shielding 
matrix 38. However, according to the structure of the first 
embodiment incorporated in the present invention, the 
light shielding matrix 71 and the common electrodes 53 
are grounded at substantially the same voltage. Thus, 

40 the disturbance of the electric field in the regfons corre- 
sponding to the common electrodes 53 is reduced, and 
the alignment of the liquid crystal molecules in the re- 
gions corresponding to the common electrodes 53 is im- 
proved as compared with conventional structures. As a 

45 result, problems such as light leakage In the regions cor- 
responding to the common electrodes 53 do not readily 
occur. Therefore, the opening 70 of the light shielding 
matrix 71 can also be extended to the region (the region 
above the common electrodes 53) in which light leakage 

50 does not occur, resulting in a liquid crystal display device 
having a high aperture ratio. 

Therefore, the dark state and the bright state can 
be switched according to the liquid crystal alignment 
controlled by applying a transverse electric field, thereby 

55 providing a liquid crystal display device having a high 
aperture ratio and small dependency on the angle of 
view. 

In the structure of the first embodiment, 'substan- 
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tially the same voltage" means pref erab ly as follows: the 
voltage difference between the light shielding matrix 71 
and the common electrodes 53 is set in a range of from 
-0.5 V to +0.5 V. both inclusive. 

When the voltage difference between the light 
shielding matrix 71 and the common electrodes 53 is 
outside the above range, the lines of electric force ap- 
plied to the liquid crystal in the regions corresponding to 
the common electrodes 53 are disturbed so that the 
alignment disorder of the liquid crystal molecules is 
readily increased and causes problems such as light 
leakage. Thus, it becomes impossible to enlarge the 
opening 70 of the light shielding matrix 71 and to Im- 
prove the aperture ratio. 

Furthermore, the driving voltage for obtaining the 
maximum transmtttance as a liquid crystal display de- 
vice can be reduced in the structure of the first embod- 
iment, because the aperture ratio is improved by the en- 
largement of the opening 70 of the light shielding matrix 
71, which enlargement is achieved by reducing the 
alignment disorder of the liquid crystal molecules 36 in 
the regions corresponding to the common electrodes 
53. 

The parasitic capacitance generated in the liquid 
crystal display device can be partially canceled by a ca- 
pacitance formed between the capacitance generating 
sections 65 and 66 and the common and connecting 
lines 56 and 57, both of which oppose the capacitance 
generating sections 65 and 66 with the Insulating layer 
58 interposed therebetween. 

Fig. 5 shows a main section of a liquid crystal dis- 
play device of the second embodiment, the reference 
numerals in Fig. 5 identify substantially identical parts 
in the first embodiment shown in Fig. 1 , and detailed ex- 
planations thereof are omitted. 

The liquid crystal display device of the second em- 
bodiment is different from that of the first embodiment 
in the following aspects: an insulating film 80, such as 
an over-coat layer, covering the light shielding matrix 71 
and the color filter 72 is formed on the lower surface 
(opposing surface) of the substrate 40; on the insulating 
film 80, a conductive film 81 is provided with the same 
pattem as that of the light shielding matrix 71 ; and the 
alignment film 73 is formed on the conductive film 81 . 

Furthermore, according to the second embodiment, 
the common electrodes 53 and the conductive film 81 
are connected by a conductive member 76', and are 
grounded at substantially the same voltage. The con- 
ductive film 81 has an opening 82 with the same pattern 
as the opening 72 of the light shielding matrix 71 . 

The conductive layer 81 may be either a shading 
metallic layer made of Cr, etc. or a transparent conduc- 
tive layer made of I TO, etc. 

In the liquid crystal display device having the struc- 
ture shown in Fig. 5, the dark state and the bright state 
are switchable by switching the application of a voltage 
between the common electrodes 53 and pixel elec- 
trodes 54 that are in the desired pixel regions 59 using 



the thin-film transistor T^ similarly to the first embodi- 
ment. 

Since the conductive film 81 and the common elec- 
trodes 53 are allowed to be at substantially the same 
5 voltage, the lines of electric force in the regions corre- 
sponding to the common electrodes 53 are less dis- 
turbed so that the alignment disorder of the liquid crystal 
molecules can be decreased. 

Therefore, as is similar to the liquid crystal display 

10 device of the first embodiment, the opening 70 of the 
light shielding matrix 71 can be enlarged, and the dark 
state and the bright state are switchable according to 
the liquid crystal alignment controlled by a transverse 
electric field, thereby providing a liquid crystal display 

IS device having a high aperture ratio and small depend- 
ency on the angle of view. 

Furthermore, in the liquid crystal display device of 
the second embodiment, the conductive layer 81 can be 
positioned nearerto the liquid crystal molecules as com- 

20 pared with the light shielding matrix 71. Thus, distur- 
bance of the lines of electric force can be further reduced 
as compared with the first embodiment and the align- 
ment disorder of the liquid crystal in the regions corre- 
sponding to the common electrodes 53 is further de- 

25 creased. 

When a shading metallic layer is employed as the 
conductive film 81 in the second embodiment shown in 
Fig. 5, the light shielding matrix 71 may be omitted. In 
such a case, the shading metallic layer is also used as 

30 the light shielding matrix 71 . 

With the light shielding matrix 71 formed on the sub- 
strate 40, the disturbance of the lines of electric force 
applied to the region corresponding to the common elec- 
trodes 53 can be reduced even if the conductive film 81 

35 is formed only on the periphery of the opening 70 of the 
light shielding matrix 71 . Thus, the conductive film 81 Is 
not required to have completely the same pattern as the 
light shielding matrix 71 . From the viewpoint of design- 
ing, it is easiest to form the conductive film 81 and the 

40 light shielding matrix 71 with the same pattern, however, 
the object of the present invention can be achieved as 
long as the shape of the conductive film 81 corresponds 
to the periphery of the opening 70 of the light shielding 
matrix 71 . 

45 

Example and Comparative Example 

A thin-film-transistor-type liquid crystal display de- 
vice having a structure shown in Figs. 1 and 2 was pro- 

50 duced as Example. 

Two transparent glass substrates 1 mm thick were 
employed. A thin-film transistor circuit having the linear 
electrodes was formed on one substrate (first sub- 
strate). An alignment film was formed on the thin-film 

55 transistor circuit and another alignment film was provid- 
ed on the other substrate (second substrate). For align- 
ing liquid crystal, the alignment films were rubbed by a 
rubbing roll in parallel with the longitudinal direction of 
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the linear electrodes. The first and second substrates 
were positioned opposing each other at a predeter- 
mined distance with gap-forming beads interposed ther- 
ebetween. A liquid crystal was poured into the space 
formed between the substrates. The first and second 
substrates were joined to each other using a sealing 
member and assembled into a liquid crystal cell by pro- 
viding polarizing plates outside the substrates. 

In more detail, this device was prepared as follows: 
The pitch of the pixel region was 43 ^im for the horizontal 
direction (signal-line direction) and 1 29 iim for the ver- 
tical direction (gate-line direction): the light shielding 
matrix was made of Cr, 0.3 ^m thick, and had 27 \im by 
111 |im openings each for a pixel region. The width of 
the pixel electrode and the common electrode was set 
to 5 jam, and the distance between the pixel electrode 
and the common electrode was set to 1 0 ^im. 

Thin-film transistors, in each of which a semicon- 
ductor film made of a-Si was formed between a gate 
electrode and a source electrode, were provided each 
near an intersection between the gate line and the signal 
line, and covered with an insulating film and a polyimide 
alignment film in that order. The alignment film was 
rubbed to complete a thin-film transistor array on the first 
substrate. The first substrate and the second substrate 
having a light shielding matrix, color filters, and a poly- 
imide alignment film thereon were positioned opposing 
each other with a 4-p.m gap therebetween. A liquid crys- 
tal was encapsulated between the substrates using a 
sealing member. Two terminals connecting to the por- 
tion of the light shielding matrix extended to the periph- 
eral edge of the second substrate outside the sealing 
member and other two terminals connecting to the com- 
mon electrodes were connected by an Ag paste so as 
to complete a liquid crystal display device. In this struc- 
ture, the light shielding matrix and the common elec- 
trodes were grounded. 

As Comparative Example, another liquid crystal dis- 
play device was prepared in which the terminals con- 
necting to the light shielding matrix and those connect- 
ing to the common electrodes were not connected such 
that the light shielding matrix was electrically floating 
and the common electrodes were grounded. 

Figs. 6A and 6B show the simulation results of the 
lines of electric force generated by the pixel electrodes 
and the common electrodes in the above-mentioned liq- 
uid crystal display devices. 

Fig. 6A shows the simulation results obtained from 
the liquid crystal display device of Example in which the 
light shielding matrix and the common electrodes are 
connected and grounded, and Fig. 6B shows the simu- 
lation results obtained from the liquid crystal display de- 
vice of Comparative Example in which the light shielding 
matrix and the common electrodes are not connected, 
the light shielding matrix was floating, and the common 
electrodes were grounded. 

In the lines of electric force shown in Fig. 6 A, the 
rising section R of the lines of electric force is located 



outside the ends P of the region positioned between 
both common electrodes 53, however, in the lines of 
electric force shown in Fig. 6B, the rising section R' of 
the lines of electric force is located inside the ends P' of 
5 the region positioned between both common electrodes 
53, which fact indicates that in a structure having the 
lines of electric force shown in Fig. 68, light leakage may 
occur in the region between both common electrodes 
53, however, in a structure having the lines of electric 
force shown in Fig. 6 A, light leakage does not readily 
occur in the region between both common electrodes 
53. 

Fig. 7A is a photograph showing the result of a light- 
leakage occurrence test using a liquki crystal display de- 
vice having the same structure as Example in which the 
light shielding matrix and the common electrodes are 
connected and grounded. The gate electrode voltage 
Vq at the time of driving the liquid crystal display device 
was set to 15 V, and the common voltage and the light- 
shielding-matrix voltage were set to 0 V, i. e., they were 
grounded. Light leakage does not occur in this structure, 
as is shown in Fig. 7 A. 

Fig. 78 is a photograph showing the result of a light- 
leakage occurrence test using a liquid crystal display de- 
vice of Comparative Example in which the gate elec- 
trode voltage Vq is set to 1 5 V, the light shielding matrix 
is floating, and the common electrodes are grounded. 
As is shown in Fig. 78, light leakage occurs in this struc- 
ture. 

From the result shown in Fig. 78, it is understood 
that in the liquid crystal display device of Comparative 
Example in which the light shielding matrix is floating 
and the common electrodes are grounded, light leakage 
occurs if the light shielding matrix has the above-de- 
scribed shape. Thus, it is necessary to extend the area 
shaded by the light shielding matrix, undesirably result- 
ing in a reduction in the aperture ratio. 

Figs. 8A and 88 show the transmittance-driving 
voltage characteristics of the liquid crystal display de- 
vices of Example and Comparative Example, respec- 
tively. 

As is apparent from Figs. 8A and 88, the maximum 
transmittance of the liquid crystal display device of Ex- 
ample and that of the liquid crystal display device of 
Comparative Example are almost the same. The driving 
voltage required for obtaining the maximum transmit- 
tance is 6.7 V for the liquid crystal display device of Ex- 
ample and 7.9 V for the liquid crystal display device of 
Comparative Example. Thus, to achieve the same 
transmittance, the driving voltage of the liquid crystal 
display device of Example is lower than that of the liquid 
crystal display device of Comparative Example. As a re- 
sult, the driving voltage can be reduced by 1 .2 V by em- 
ploying the liquid crystal display device of Example. 
55 Fig. 1 5 shows the relationship between the reduc- 
tion in the transmittance and the voltage difference be- 
tween the light shielding matrix and the common elec- 
trodes in the liquid crystal display device of Example. In 
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Fig. 15, the transmittance obtained by setting the light 
shielding matrix and the common electrodes to the 
same voltage is defined as 100% transmittance. 

As is apparent from Fig. 15, the reduction in the 
transmittance is more than 5% when the voltage differ- 
ence between the light shielding matrix and the common 
electrodes exceeds 0.5 V. Therefore, to obtain a suffi- 
cient voltage difference, It Is effective to set the voltage 
difference between the light shielding matrix and the 
common electrodes in a range of from +0,5 V to -0.5 V, 
both Inclusive. 

Figs. 16 to 18 show other examples in which the 
conductive films 81 at substantially the same voltage as 
the common electrodes are partially provided above the 
light shielding matrix 71 . 

According to the structure shown in Fig. 16, the 
strip-shaped conductive films 81 are provided in the hor- 
izontal direction such that they sandwich the top and 
bottom sides of the openings 70. each opening corre- 
sponding to a pixel region. In the structure shown in Fig. 

17, the strip-shaped conductive films 81 are provided in 
the vertical direction such that they sandwich the right 
and left sides of the openings 70. each opening con-e- 
sponding to a pixel region. In the structure shown in Fig. 

18, the strip-shaped conductive films 81 are provided in 
both the horizontal direction and the vertical direction 
such that they sandwich the entire right and left sides 
and approximately a half of the top and bottom sides of 
the openings 70, each opening corresponding to a pixel 
region. 

In the above structures of Figs. 16 to 18, similar ef- 
fects to those obtained in the structure which is de- 
scribed above with reference to Fig. 5 can be obtained. 

As is mentioned above, according to the present in- 
vention, a light shielding matrix and common electrodes 
are set to substantially the same voltage In a liquid crys- 
tal display device in which liquid crystal alignment is con- 
trolled by applying a transverse electric field in a direc- 
tion parallel to the substrate using the common elec- 
trodes and pixel electrodes. Disturbance of the lines of 
electric force applied to the liquid crystal in regions cor- 
responding to the common electrodes can be thereby 
reduced and the liquid crystal in those regions can be 
used for displaying. Thus, it becomes unnecessary to 
shade the regions corresponding to the common elec- 
trodes by the light shielding matrix, a fact which allows 
the light shielding matrix to have wider openings as com- 
pared wrth conventional cases. The resulting liquid crys- 
tal display device achieves higher aperture ratio as com- 
pared with those having conventional structures in 
which the light shielding matrix is electrically floating. 

Therefore, a liquid crystal display device having a 
high aperture ratio and a wider angle of view can be pro- 
vided, in which the dark and bright states are switched 
according to the liquid-crystal alignment which is con- 
trolled by the application of a transverse electric field. 

Furthermore, since the aperture ratio can be im- 
proved by enlarging the openings of the light shielding 



matrix by reducing the alignment disorder of the liquid 
crystal in regions corresponding to the common elec- 
trodes, the driving voltage required to obtain the maxi- 
mum transmittance can be decreased, which fact 
5 means that the liquid crystal display device can be driv- 
en using less electric power. 

The above structure can also be applied to a struc- 
ture in which a conductive film having the same shape 
as that of the light shielding matrix is formed on the light 
shielding matrix with an insulating film therebetween. In 
such a case, similar effects to the above structure can 
be obtained by connecting the conductive film and the 
common electrode to substantially the same voltage. 

"Substantially the same voltage" means that the 
voltage difference between the conductive film and the 
common electrodes is set In a range of from -0.5 V to 
+0.5 V, both inclusive. When the voltage difference is in 
the above range, the above effects can be ensured. 

For reliably setting the common electrodes and the 
light shielding matrix or the conductive film to substan- 
tially the same voltage, connecting terminals of the com- 
mon electrodes and the light shielding matrix or the con- 
ductive film may be extended to the peripheral edges of 
the substrates, on which the common electrodes and 
the light shielding matrix or the conductive film are 
formed, and be connected to each other by a conductive 
member such as a conductive paste. 

In addition, for reliably setting the common elec- 
trodes and the light shielding matrix or the conductive 
film to substantially the same voltage, the common elec- 
trodes and the light shielding matrix or the conductive 
film may be partially extended outside the sealing mem- 
ber, encapsulating liquid crystal between the substrates, 
so as to be connected to each other by a conductive 
member such as a conductive paste. 
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40 1. A liquid crystal display device comprising: 

a'first substrate and a second substrate; 

a liquid crystal layer provided between said first 

and second substrates; 

45 a plurality of pixel regions provided on the sur- 

face opposing said second substrate of said 
first substrate, each of said pixel regions com- 
prising at least one pixel electrode and a com- 
mon electrode cooperatively applying an elec- 

so trie field in a direction along the surface of said 

first substrate; and 

a conductive light shielding matrix provided on 
the surface opposing said first substrate of said 
second substrate, said light shielding matrix 
55 having openings, each corresponding to a dis- 

play region of each of said pixel regions, and 
shading non-display regions other than said 
pixel regions; 
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wherein said light shielding matrix and said 
common electrode are set to substantially the 
same voltage. 

2. A liquid crystal display device comprising: 



a first substrate and a second substrate; 
a liquid crystal layer provided between said first 
and second substrates; 
a plurality of pixel regions provided on the sur- 
face opposing said second substrate of said 
first substrate, each of said pixel regions com- 
prising at least one pixel electrode and a com- 
mon electrode cooperatively applying an elec- 
tric field in a direction along the surface of said 
first substrate; and 

a conductive light shielding matrix provided on 
the surface opposing said first substrate of said 
second substrate, said light shielding matrix 
having openings, each corresponding to a dis- 
play region of each of said pixel regions, and 
shading non-display regions other than said 
pixel regions; 

wherein a conductive film at substantially the 
same voltage as said common electrode is 
formed at least above said light shielding matrix 
with an insulating film interposed therebe- 
tween. 

3. A liquid crystal display device as set forth in Claim 
1 , wherein the voltage difference between said light 
shielding matrix and said common electrode is set 
in a range of from -0.5 V to +0.5 V, both inclusive. 

4. A liquid crystal display device as set forth in Claim 
1 or Claim 3, wherein said common electrode 
formed on said first substrate is extended to a pe- 
ripheral edge of said first substrate, said light shield- 
ing matrix formed on said second substrate is ex- 
tended to a peripheral edge of said second sub- 
strate, and said common electrode and said light 
shielding matrix are electrically connected via a 
conductive member at the peripheral edge of said 
first and second substrates. 

5. A liquid crystal display device as set forth in Claim 
1. 3or 4, 

wherein said liquid crystal layer is encapsulated 
between said first and second substrates by a 
sealing member, said common electrode 
formed on said first substrate is extended out- 
side the sealing position of said sealing mem- 
ber on said first substrate, said light shielding 
matrix formed on said second substrate is ex- 
tended outside the sealing position of said seal- 
ing member on said second substrate, and said 
common electrode and said light shielding ma- 



wherein said common electrode formed on said 
first substrate is extended to a peripheral edge 
of said first substrate, said conductive film 
formed on said second substrate is extended 
to a peripheral edge of said second substrate, 
and said common electrode and said conduc- 
tive film are electrically connected via a con- 
ductive member at the peripheral edge of said 
first and second substrates. 

8. A liquid crystal display device as set forth in Claim 
2, 6 or 7, 

wherein said liquid crystal layer is encapsulated 
between said first and second substrates by a 
sealing member, said common electrode 
formed on said first substrate is extended out- 
side the sealing position of said sealing mem- 
ber on said first substrate, said conductive film 
formed on said second substrate is extended 
outside the sealing position of said sealing 
member on said second substrate, and said 
common electrode and said conductive film are 
electrically connected at a position outside said 
sealing member via a conductive member pro- 
vided between said first and second substrates. 



trix are electrically connected at a position out- 
side said sealing member via a conductive 
member provided between said first and sec- 
ond substrates. 

5 

6. A liquid crystal display device as set forth in Claim 
2, wherein the voltage difference between said con- 
ductive film and said common electrode is set in a 
range of from -0.5 V to -1-0.5 V, both inclusive. 

10 

7. A liquid crystal display device as set forth in Claim 
2 or 6, 
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